On heavy oil, kerosene, n-paraffinic hydrocarbon of C12, C14, or C16, and propylene glycol, the bacteria grew well and high protinase production was observed. However, production on paraffinic hydrocarbon differed remarkably with strains of varied origins. The elastase-positive strain, IFO 3455, showed abundant growth and high proteinase production on medium containing a paraffin of C12, C14, or C16, whereas the elastase-negative strain, IFO 3080, showed little growth on the same medium. Neither elastase-positive nor elastase-negative strains, however, utilized n-paraffins of C5 to Clo, or various aromatic hydrocarbons such as benzene, naphthalene, phenanthrene, and anthracene. The proteinases produced on the noncarbohydrate medium were identical with those produced in glucose medium.
It is well known that Pseudomonas species, especially P. aeruginosa, utilize various aliphatic (Heydeman, 1960; Proctor, 1960; Senez and Azoulay, 1961; Thijsse and van der Linden, 1961; Chouteau, Azoulay, and Senez, 1963; der Linden, 1963; Takahashi et al., 1963; Iizuka and Komagata, 1964) and aromatic Stone, 1943, 1954; Rogoff and Wender, 1957a, b, 1959; Marr and Stone, 1961) hydrocarbons as the sole carbon source. P. aeruginosa can accumulate salicylic acid in a high yield in medium containing naphthalene as the sole carbon source (Ishikura et al., 1965) . In previous studies of the proteinase production by P. aeruginosa (Morihara, 1956 (Morihara, , 1962 (Morihara, , 1964 , higher production of the enzyme was obtained with an increased concentration of glucose, such as 7 to 10%, in the medium. Thus, it was considered to be economical if paraffinic hydrocarbon such as petroleum could be used in place of glucose in the production. To clarify the problem, the following experiment was made with 20 type cultures of P. aeruginosa.
MATERIALS AND METHODS
The IFO strains of P. aeruginosa were kindly supplied by the Institute for Fermentation, Osaka, and the OUT strains by the Department of Technology, Osaka University.
Kerosene, heavy oil, and gasoline were obtained from Idemitsu Kosan, Co. Ltd., Tokyo, Japan. The other carbon sources, i.e., n-paraffins such as C5, C6, C7, C8, CIO, C12, C14, and C16, ethylene glycol, propylene glycol, benzene, naphthalene, phenanthrene, and anthracene, were commercial products of pure grade.
Two kinds of media were used. Medium A was composed of the following (in tap water): various concentrations of a carbon source, 0.5% (NH4)2-HPO4, 0.25% KH2PO4, 0.1% MgSO4-7H20, 0.2% CaCO3 (except where specified), and 0.05%7, Tween 20; medium B contained the following (in distilled water): various concentrations of a carbon source, 0.5% NH4NO3, 0.2% K2HPO4, 0.1% KH2PO4, 0.1% MgSO4-7H20, 0.04% MnCl2.4H20, 0.01% FeSO4, and 0.01% CaCl2. Shaker flasks (500 ml) containing 50 ml of culture broth were inoculated after sterilization at 115 C for 15 min, and were then incubated on a reciprocal shaker (130 rev/min, 7-cm stroke) at 28 C. Materials with low boiling points, such as gasoline, benzene, and n-paraffins of C5, C6, and C7, were not sterilized and combined with the sterilized salt solution. Naphthalene, phenanthrene, and anthracene were sterilized separately by autoclaving. After cooling, they were ground with a sterile mortar and pestle and combined with the salt solution which had been sterilized separately.
Growth was judged by the observed turbidity, and pH of the culture broth was determined with a paper strip of pH indicator. Proteolytic activity was determined by measuring the tyrosine liberated from a casein solution with the Folin-Ciocalteau reagent as previously described (Morihara, 1963) . The activity (PU) was expressed as milli-793 (Morihara, 1964) .
Fractionation of the proteinases produced in the broth was carried out according to the method described previously (Morihara, 1964 
RESULTS
Effects of heavy oil, kerosene, and gasoline on proteinase production. Table 1 shows the proteinase production of the elastase-positive (IFO 3455) and -negative strains (IFO 3080) of P. aeruginosa in the medium containing heavy oil, kerosene, or gasoline as the sole carbon source (see Morihara, 1964) . Heavy oil was more effective than kerosene. The elastase-positive strain showed more abundant growth and higher production of proteinase in comparison with that of the elastase-negative strain in either heavy oil or kerosene medium, but neither strain grew on gasoline medium.
The effect of concentration of heavy oil on proteinase production was studied. Production was optimal when concentrations of about 7 to 10% were used for both strains IFO 3455 and IFO 3080 (Fig. 1) . Table 2. experiment was performed in glucose medium (Morihara, 1964) . The maximal production by strain IFO 3455 in 10% heavy oil medium containing 1% yeast extract was about 4 X 10-3 PU/ml of broth. This value was about one-half of the maximal production in glucose medium (Morihara, 1964) .
Effects of various n-paraffins on proteinase production. Further study was made on the effects of various n-paraffins of C5 to C16 as carbon sources (Table 2) . Strains IFO 3455 and IFO 3080 did not grow in n-paraffins if the carbon number was 10 or less. On the other hand, strain IFO 3455 showed abundant growth and high proteinase production in n-paraffins of C12, C14, and C16, whereas strain IFO 3080 showed no growth in n-paraffin of either C14 or C16, and slight growth and proteinase production in nparaffin of C12. No test was made on the effect of n-paraffins of C1l, C13, and C15, but perhaps the former strain will utilize them. The proteinase production in n-paraffin of C1B was about twofold greater than that in heavy oil medium at the same concentration. The bacteria can grow at a concentration of 7 % or above in paraffinic hydrocarbon, but not in glucose without addition of some growth-promoting agent such as yeast extract (Morihara, 1956 ). This phenomenon may be ascribed solely to osmotic pressure.
Effects of ethylene glycol and propylene glycol on proteinase production. Either ethylene glycol or propylene glycol is manufactured as a secondary product in the petroleum industry. Both products were tested for their effect on proteinase production by strain IFO 3455 (Table 3) . Propylene glycol stimulated greater proteinase production than did ethylene glycol. Effects of various concentrations of propylene glycol were determined in the presence of 0.2 or 1 % yeast extract (Fig. 3) . The concentration of propylene glycol producing optimal growth was 5% with either concentration of yeast extract. In concentrations of propylene glycol over 5%, the bacterial growth was inhibited even in the presence of 1 % yeast extract. The proteinase production in the medium containing 5% propylene glycol and 1 % yeast extract was about 16 X 10-3 PU/ ml of broth. This value was about twofold greater than the maximal production in 7% glucose medium described previously (Morihara, 1964 (Rogoff and Wender, 1957a) ; these strains were capable of using an aromatic hydrocarbon such as naphthalene as the sole carbon source. The bacteria grew well on the medium containing naphthalene used in this experiment.
Characteristics of the proteinases produced by heavy oil and propylene glycol. Strain IFO 3455 (elastase-positive) produces three proteinases and IFO 3080 (elastase-negative) produces two proteinases in the semisynthetic medium containing glucose (Morihara, 1964) . The proteinases are fractionated by use of column chromatography with DEAE cellulose, as described previously (Morihara, 1964) . To ascertain whether the proteinases produced in heavy oil or propylene glycol are identical with those produced in the usual medium containing glucose, the following experiment was made. Medium A containing 1 % yeast extract and 10% heavy oil or 5% propylene glycol was used. The concentration of CaCO3 was 1 % in either case, but Tween 20 was omitted in the latter. Shaking culture was done for 5 to 10 days. The produced proteinases were chromatographed on the column of DEAE cellulose, as described in the text. The IFO 3455 strain produced three proteinases: the proteinase fraction (fraction I) initially eluted with 0.02 M phosphate (pH 8), fraction II eluted with 0.1 M NaCl, and fraction III eluted with 0.2 M NaCl.
The IFO 3080 strain produced fraction I and III proteinases and a negligible amount of fraction II. Each proteinase fraction, i.e., fractions I, II, and III, corresponded to neutral, semialkaline, and alkaline proteinase, respectively. Fraction II showed an elastolytic activity, but the other two did not. The above results were identical to those observed in glucose medium (Morihara, 1964) . Thus, it could be concluded that identical proteinases are produced even if noncarbohydrate materials such as heavy oil or propylene glycol are used as the sole carbon source.
DIscussION
The results show that some strains of P. aeruginosa produce proteinase even though noncarbohydrate materials are used as sole carbon sources of the medium. High proteinase production is observed in the medium containing heavy oil, n-paraffinic hydrocarbon of C12, C14, or C16, or propylene glycol. Senez and Azoulay (1961) showed that P. aeruginosa utilizes n-paraffins of C7 to C01 as the sole carbon source, but strains used in this experiment could not utilize them. Takahashi et al. (1963) found that a new isolate identified as P. aeruginosa or the resembling species can use neither n-paraffins of C5 to Clo nor aromatic hydrocarbons such as benzene and naphthalene, but uses well n-paraffins of Cil to C22. This case resembles the observation in the present report. However, the growth, or the proteinase-producing ability, varies a great deal depending on which strain is used. Iizuka and Komagata (1964) showed that fresh isolates of pseudomonads and other gramnegative bacteria grew well in kerosene media, but these bacteria rapidly lost their ability to use kerosene when subcultured on nutrient agar slants. They also reported that once the ability was lost, it was never recovered by passing the bacteria through kerosene medium containing minor amounts of peptone as growth factors. The present investigation shows that an elastasepositive strain such as IFO 3455 noticeably utilizes paraffinic hydrocarbon of C12, C14, or C16 as the sole carbon source, but use by an elastasenegative one such as IFO 3080 is negligible. The elastase-negative strain appears to be similar to the subcultured strains on nutrient agar slants which lose their ability to use kerosene.
It was assumed (Morihara, 1964) that the elastase-positive strain is wilder than the elastasenegative one, and that the elastase-producing, ability decreases with the continued subcultures. This assumption was made from a comparative study of the taxonomic characters of the elastase shown (Morihara, 1964) 
